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ABSTRACT

Constant-temperature anemometry was used to measure the disturbance levels in the

Langley Research Center 20-Inch Mach 6 Tunnel over a limited range of total pressures. The

measurements were made using a dual wire probe where each wire was operated at a high but

different overheat. The fluctuating voltages were digitized and a system of two equations was

solved to obtain the instantaneous mass flow and total temperature fluctuations as a function

of time. Statistical techniques were used to obtain statistical quantities of interest. The mass

flow and total temperature fluctuations varied between 2 to 3 percent and 1 to 1.5 percent

respectively over the limited Reynolds numbers of the test. The total temperature fluctuations

were larger than can be expected assuming only sound in the test section, suggesting the

existence of entropy fluctuations in the flow. The total pressure fluctuation obtained from the

mass flow and total temperature fluctuations were comparable with those measured using a

pitot probe.
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SYMBOLS

functions of z in equation (9)

functions of m in equation (11)

specific heat at constant pressure

specific heat at constant volume

diameter of wire

mean voltage across wire or bridge of anemometer

fluctuating voltage across wire or bridge

Mach number

mean mass flow

a log _t

a log To

1

static pressure

total pressure
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resistanceof wire

referenceresistancefor v/re

mass flow sensitivity

totaltemperature sensitivity

recovery temperature of wire

totaltemperature

wire temperature

reference temperature for wire

velocity

sound source velocity
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coefficient of viscosity evaluated at T O

Tw/To

angle between plane wave and axis of probe

linear coefficient for resistance-temperature equation for wire

second degree coefficient for resistance-temperature equation for wire
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INTRODUCTION

In the past, most measurements of disturbances in the test section of supersonic wind

tunnels were made using a single wire probe with a constant current anemometer. The

fluctuation diagram technique developed by Kovasznay [1] was generally used to obtain the

mass flow and total temperature fluctuations and their correlation. Fluctuation diagrams were

generated by operating the wire at several overheats and fitting a curve to the resulting data.

The fluctuation diagram is, in general, a hyperbola; where it intercepts on the y-axis gives the

total temperature fluctuations and its asymptote gives the mass flow fluctuations.

The constant temperature anemometer cannot be used to generate fluctuation diagrams

since the frequency response of the anemometer approaches the frequency response of the

wire at low overheats [2]. The frequency response of the wire alone is too low to furnish

useful data at supersonic speeds. Because of this, a two-wire probe technique was developed

for use with constant temperature anemometers [3,4]. Using this technique, the fluctuating

voltages from the anemometer were digitized and two equations solved for the mean flow and

total temperature fluctuations.

The present investigation, using a constant-temperature anemometer, was conducted to

measure the disturbance levels in the Langley Research Center 20-Inch Mach 6 Tunnel.

FACILITY

The Langley 20-Inch Mach 6 Tunnel is a blowdown type hypersonic facility [5]. With

a system of three vacuum spheres having diameters of 40, 60, and 100 feet, this facility can

run in excess of 20 minutes. The total temperature of the facility is usually established at a
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level just high enough to prevent liquefaction of air in the test section. For the present tests,

which were conducted over a range of total pressures from 30 to 200 psia, the total

temperature was held constant at a value of 410°F. Measurements were made on the

centerline of the test section at an axial position which coincided with the center of the

schlieren windows.

INSTRUMENTATION

Each hot-wire probe had two wires installed and each wire was powered by a

constant-temperature anemometer. The DC output from the anemometers was recorded using

a scanning voltmeter which was controlled by a computer. The AC component of the signal

was amplified and band-pass filtered from 1 Hz to 400 KHz using a signal conditioner. The

AC signal was amplified sufficiently to produce a signal which was adequate for recording on

an analog tape recorder. The tape recorder was of the wide band II type and was operated at

120 inch/sec. After the test, the tape was played back at a lower speed of 30 inch/sec, and

the data were digitized with a sampling period of 5 las and cut-off filter at 50 KHz. With this

procedure, it was possible to examine frequencies up to (120/30"50 = ) 200 KHz in the

signal.

Because of wire breakage, which was due to particles in the flow and several

erroneous emergency tunnel shut-downs, two probes were used during the tests. The severity

of the particles in the flow is illustrated in figure 1. The figure presents two photographs of

the blunt end of a teflon cylinder which was impacted by particles in the flow.
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The first probewasoperatedfrom 30 to 125psiabeforefailure of a wire. The wires

in the second probe survived from 30 through part of a 200 psia run. After this latter wire

failure, the tests were terminated due to lack of tunnel availability.

THEORETICAL CONSIDERATIONS

The voltage across the wire was assumed to be given by the following relationship:

E = f(m, zw) (i)

Using this equation, the change in voltage across the wire is given by:

d log E = 0 lo_J E dlog m + a io@ E d log Tw
a log m a log zw

(2)

Equation (2) can be transformed into the following equation:

where

d log E = S m d log m + STo d log TO (3)

{_lo_l E _ __rl_ a io_ E a log rl }sm= log m Tw a log _w a log Re e
(4)

Sro = {___w alo_ E [ne_] aloof _] - o]}a log _w a log Re t

(5)

Equation (3) is a single equation with two unknowns.

equation (3) can be written for each of the wires as:

By using a probe with two wires,

e') m' Ti= s_ _-_ ÷ Sro,_--_
(6)
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( ) T"eI = S_.,2ml +
Sro,2--_o

(7)

Using equations (6) and (7), the mean flow calibration for the wires, the digitized

fluctuating voltages, and the mean voltages, the fluctuations of m and T O can be obtained as

a function of time. Statistical techniques can then be used to obtain any statistical quantity of

interest.

with

with

function of wire temperature was required.

temperature could be accurately controlled.

CALIBRATION OF PROBES

The tunnel was operated over a range of total pressures to obtain the variation of E

m. The wire resistance was varied at each total pressure to obtain the variation of E

'_w. In order to obtain this latter variation, a calibration of the wire resistance as a

This was done in an "oven" where the

A typical calibration curve is presented in

Figure 2. The temperature limitations of the oven did not permit the evaluation of the

coefficient of the (AT) 2 term in the following equation:

-- ..I + _(r,,- %.,) + 13(r,,- T,°_)=
R w

Rref

The variation of the wire voltage with mass flow was found to fit the following

E 2 = A + Bm _/2

equations:

(8)

(9)

The partial derivative of E with respect to m required in equation (4) is given by

io_ E _ 1 Bm _/a

log m 4 E 2
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The variation of E with z_, was obtained using a polynomial curve fit to the data. The

equation which gave the best fit to the data was

E = C(m) +D(m) z+E(m) _2 (ii)

where C(m), D(m), and E(m) were functions of mass flow. The partial derivatives were

obtained from:

alogE = D(m)z+2E(m)T 2 (12)
c31ogz C(m) +D(m) _+E(m) z 2

The recovery temperature was obtained from a separate probe which was operated as a four-

wire resistance thermometer.

Because of the low wire Reynolds numbers of the present tests, the values of the

recovery temperature ratio, 1"1,exceeded 1 and its values varied with Reynolds number. The

values of q and its derivatives were obtained from a curve fit of 1"1 versus Reynolds

number.

RESULTS AND DISCUSSION

The mass flow and total temperature sensitivities were obtained as functions of mass

flow and overheat parameter 1:,,.

for wires 1 and 2, respectively.

The overheat parameters of I:=0.80 and x'=0.60 were chosen

Examples of the mass flow and total temperature sensitivities

as a function of po are presented in figure 3. The mass flow sensitivities did not vary

significantly with the chosen values of xw. There was a significant variation of the total

temperature sensitivities with Xw. Neither of the two sensitivities were strong functions of

mass flow.

Figure 4 gives the autospectra plots of mass flow and total temperature fluctuations at

various tunnel total pressures. The spikes in these spectra are presumed to be due to

7



fluctuation.

first probe.

environmental noise such as radio frequency emission from the tunnel heaters; the broad peak

observed in some cases at about 50 KHz has been reported in Reference 6, and its origin is

unknown.

The mass flow and total temperature fluctuations obtained using the first probe are

presented in Figure 5. The mass flow fluctuations ranged from 2 to 3 percent but showed no

significant variation with total pressure. The total temperature fluctuation ranged from about

1 to 1.5 percent. This level of temperature fluctuation is high based on the usual assumption

that the predominant fluctuation in supersonic wind tunnels is sound. At a Mach number of 6

and the assumption that all the fluctuations are sound would require the total temperature

fluctuations to be about 3 to 4 percent of the mass flow fluctuation. Figure 5 shows that the

total temperature fluctuations were about 50 percent of the mass flow fluctuation. Therefore,

the results indicate that either there is an error in the total temperature fluctuation or there is

an additional fluctuation present in the facility.

The heating of the flow required at Mach 6 and the fact that there are no temperature

equalizing treatment in the tunnel suggest that some of the fluctuations are due to entropy

fluctuations. Similar relatively high total temperature fluctuations were observed in

hypersonic tunnels and reported in reference 7.

All of the data taken with the second probe resulted in excessive total temperature

However, the mass flow fluctuation tended to agree with those obtained with the

Because of the uncertainty of the results obtained with the second probe the data

will not be presented.



Fluctuating total pressure measurements made in the 20 inch Mach 6 Tunnel were

reported in reference 8. The present results were compared with these data by converting the

mass flow fluctuations to pressure fluctuations using the following equation [9]:

/3 _. 7M n_ (13)
p IcosO÷ lm

Thus the total pressure fluctuation can be computed using [9]:

p' _ _--7'I [ 4n x [ nx_ 2]

- P'- [I (14)p_22 (yp) 2 l-_- +4[{J ]

where

n x =

1

(15)

The source velocity required in the above equation was estimated using the results reported in

reference 10.

The comparison between the present data and those of reference 8 is presented in

Figure 6. There was a reasonable agreement between the present data obtained with hot wire

anemometers and the results from reference 8 obtained with a pitot probe.

RECOMMENDATION

Because of the particles in the flow of the 20-inch Mach 6 Tunnel and because of the

expense of calibration probes in large wind tunnels, it is recommended that several probes be



calibrated in the nozzle test chamber for use in the 20-inch Mach 6 Tunnel. In this way if a

wire on a probe breaks while making measurements in the 20-inch Mach 6 Tunnel at a given

pressure the calibration of the probes need not be restarted. Using pre-calibrated probes, tests

can be started at the pressure at which a wire broke and continued until the test is completed

or wire breakage occurs again.

Instead of assuming that the voltage across the wire is given by

E = f(m, zw)
(16)

consider instead the following equation

where

E = f(m, a_)

t Rw- Raow
"_w --

In this manner the wire resistance need not be calibrated with temperature and a more

accurate calibration can be obtained since a'w is obtained from the anemometer with good

accuracy.

(17)

(18)
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CONCLUSIONS

From the test conductedusinga two-wire hot-wire anemometersystemto measure the

disturbance levels in the Langley Research Center 20-Inch Mach 6 Tunnel the following

conclusions can be made:

].

.

.

.

.

Particles in the flow resulted in the breakage of several wires and limited the

pressure range of the test.

It appears that a two wire probe can be used with a constant temperature

anemometer to obtain mass flow and total temperature fluctuations in

supersonic flow up to a Mach number of 6.

The mass flow and total temperature fluctuations varied between 2 to 3 percent

and 1 to 1.5 percent respectively over the limited Reynolds numbers of the test.

The total temperature fluctuations were larger than can be expected assuming

only sound in the test section. This suggests the existence of entropy

fluctuations in the flow.

The total pressure fluctuation obtained from the mass flow and total

temperature fluctuations were comparable with those measured using a pitot

probe.
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Table 1

Measured mass flow & total temperature fluctuations and calculated

static pressure and total pressure fluctuations

Po (psia) Refit m'/m To'/To p'/p p't2/pt2
30 5.60E+05 0.025 0.012 0.035 0.029

75 1.40E+06 0.028 0.017 0.039 0.032

100 1.87E+06 0.020 0.011 0.028 0.023

125 2.33E+06 0.024 0.014 0.034 0.028
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Figure 1. - Particle impact on the ['ace of a blunt tcll(m c\linder facing the flow.
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• Computed results using present data
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